Synopsis Under circumstances in which area for settlement is limited, the colonization of living substrata may become a highly valuable strategy for survival of marine invertebrates. This phenomenon, termed epibiosis, results in spatially close associations between two or more living organisms. Pelamis platurus, the yellow-bellied sea snake, is the only exclusively pelagic marine snake and its propensity for foraging along ocean slicks facilitates its colonization by pelagic epibionts. Herein, we report epibionts associated with P. platurus inhabiting the waters off the northwestern Pacific coast of Costa Rica. These associations include the first records of decapod epibionts from any marine snake. Decapod epibionts were found on 18.9% of P. platurus, and size of snake (total length) had a significant positive effect on the frequency and intensity of epibiosis. We discuss the spatial and ecological mechanisms that facilitate these interactions, as well as the suite of factors that either promote or deter epibiosis and ultimately dictate the frequency and intensity of these interactions. Finally, we provide a review of marine snake epibiosis. The intention of this review is to (1) provide contemporary researchers with a single, accessible reference to all known reports of epibionts associated with marine snakes and (2) discuss what is currently known with respect to diversity of epibionts from marine snakes.
Introduction
Competition for space is a major factor affecting the ability of marine invertebrates to successfully colonize a given substratum (Enderlein and Wahl 2004) . Under circumstances in which area for settlement is limited-whether by high population densities (e.g., on benthic structures) or by low availability of substrata (e.g., on pelagic flotsam)-colonization of living substrata may become a highly valuable strategy for survival of marine invertebrates (Wahl 1989 ). This phenomenon, termed epibiosis, results in spatially close associations between two or more living organisms (Harder 2009 ), in which a single host (or basibiont) supports one or more typically facultative colonizers (or epibionts) (Wahl and Mark 1999) . The relative costs and benefits of colonizing living hosts are likely different among epibiont species and ultimately determine the composition of the epibiotic assemblages.
Marine snakes-Laticaudinae, Hydrophiini, and Acrochordidae-are common and conspicuous inhabitants of the warm tropical waters of the Indian and Pacific Oceans, and are known to host a variety of sessile epibionts . The study of epibiosis in marine snakes has a scattered history of anecdotal reports starting with Cantor (1841) and Darwin (1851 Darwin ( , 1854 , and very few accounts quantify the frequency of these interactions (Jeffries and Voris 1979; Key et al. 1995) . Moreover, there has been limited discussion of the complex suite of factors that affect these interactions and the possible role that marine snakes play as epibiont hosts. In most cases, these associations are assumed to be detrimental to the snakes (Pickwell 1971; Zann et al. 1975) . Certain behaviors (''knotting'' and frequent shedding) and physical attributes (e.g., color pattern) are thought to be antifouling mechanisms (Pickwell 1971; Shine et al. 2010) .
Herein, we report epibionts associated with Pelamis platurus inhabiting the waters off the northwestern Pacific coast of Costa Rica. These associations include the first records of decapod epibionts from any marine snake. The primary goal of this study is to better understand these novel associations by (1) quantifying the frequency and intensity of their occurrence during six field surveys encompassing 15 months and (2) assessing the effect of size of snake on these interactions. The secondary goal of this study is to provide a review of marine snake epibiosis, including a summary of all known references to epibionts of marine snakes.
Methods

Study area
The Gulf of Papagayo is located off the northwestern Pacific coast of Guanacaste, Costa Rica, and spans $1100 km 2 between the Santa Elena Peninsula to the north and the Nicoya Peninsula to the south. The average water depth is 10-60 m, and the average water temperature ranges from 21degC to 31degC (Jiménez et al. 2001) . The climate of the Gulf of Papagayo and the adjacent Guanacaste Province is characterized by distinct dry (December-April) and rainy (May-November) seasons (Bednarski and Morales-Ramírez 2004) , a factor that is associated with seasonal upwelling events in the area (Jiménez et al. 2001; Jiménez and Cortes 2003) and is known to affect the abundance of floating debris (Thiel and Gutow 2004) .
Sampling
During the six field surveys between April 2010 and July 2011, individual P. platurus were captured by hand or net from a small boat while floating along ocean slicks-surface currents that tend to concentrate floating debris. Each day snakes were collected between 0700 and 1100 h for 1-4 h depending on the abundance of snakes. Immediately after capture, snakes were visually inspected for epibionts and placed in individually labeled mesh bags. Epibionts were placed in separate vials of 70% ethanol and Planes major This taxon is also in the family Grapsidae. b Some P. platurus hosted more than one decapod taxon causing the ''total'' number of snakes (in parentheses) to be less than the sum within the column: three hosted grapsid megalopae and Atya sp.; two hosted grapsid megalopae and Macrobrachium sp.; one hosted grapsid megalopae and P. affinis; one hosted P. squamosa and Atya sp.; one hosted P. squamosa, Atya sp., and P. affinis; one hosted grapsid megalopae, Macrobrachium sp., and P. affinis.
returned to the laboratory to be identified to the lowest taxonomic level possible, using a dissecting microscope equipped with an ocular micrometer. Standard body-size measurements were taken for each specimen and are reported as mean AE SE. Snakes were returned to the laboratory, measured for total length (TL) (from the anterior tip of the head to the posterior tip of the tail) using a tape measure, and released the following day.
Statistical analyses
Overall frequency of epibiosis (F 0 ) was derived for each taxon separately and for all taxa combined by dividing the number of snakes hosting the epibionts by the total number of snakes surveyed. This value was derived for each field survey and for all surveys combined. The intensity of epibiosis was the number of epibionts per snake, and mean intensity (I 0 ) was derived for each epibiont taxon and all taxa combined for snakes hosting at least one epibiont. Nondecapod epibionts were not sampled consistently; thus, data on the frequency and intensity of occurrence were insufficient for statistical quantification.
To test for differences in occurrence of epibionts among the six field surveys, we used a series of proportion tests in which the proportion of snakes hosting epibionts from each survey was compared against the pooled data from the other five surveys (Bonferroni correction for six tests: corrected alpha ¼ 0.008). Data for the six field surveys were then pooled. To test if snake size affected the overall frequency of epibiosis (F 0 ), we performed a binomial logistic regression. Finally, to test if snake size had an effect on the intensity of epibiosis when epibionts were present (I 0 ), we used a Poisson regression (log-link function). All statistical analyses were performed in R for Windows v. 2.8.1 (R Development Core Team 2008).
Results
A total of 391 P. platurus was collected during the six field surveys. The number of snakes collected during each field survey varied depending on the duration of the survey (Table 1) . Of the 391 snakes, 74 individuals (18.9%) hosted 157 decapod epibionts (range ¼ 1-14 per snake) ( Table 1 ). The survey conducted in April 2010 was the only survey in which the proportion of snakes hosting epibionts was significantly higher than the pooled data (proportion test: Pearson's X 2 ¼ 7.94, df ¼ 1, P ¼ 0.005). Of the 157 decapod epibionts, four brachyuran crabs and two caridean shrimps were identified (Table 1, Fig. 1 ). The crab taxa include megalopae of the family Grapsidae (n ¼ 109, range ¼ 1-14 per snake; mean carapace length/width ¼ 2.57 AE 0.32 mm/1.86 AE 0.29 mm), megalopae of Plagusia squamosa (n ¼ 9; range ¼ 1-2 per snake; mean CL/CW ¼ 4.83 AE 0.98 mm/3.6 AE 0.83 mm), juvenile Portunus affinis (n ¼ 5; range ¼1-2 per snake; mean CL/CW ¼ 2.8 AE 0.7/3.87 AE 0.75 mm), and a juvenile Planes major (n ¼ 1; CL/CW ¼ 4.7/4.0 mm), a taxon also in the family Grapsidae (Fig. 1A-D) . The shrimp taxa include juvenile Atya sp. (n ¼ 20; range ¼ 1-6 per snake; mean TL ¼ 11.76 AE 1.56 mm) and juvenile Macrobrachium sp. (n ¼ 13; range ¼1-2 per snake; mean TL ¼ 10.83 AE 1.13 mm) ( Fig. 1E-F) . Seventy-six individual P. platurus hosted just one decapod taxon, seven hosted two, and two hosted three (Table 1) .
The percentage of snakes hosting decapod epibionts (F 0 ) increased with the size of the snake ( Fig. 2A) , and the snake size had a significant positive effect on the frequency of epibiosis (binomial logistic regression:
The mean number of decapod epibionts per snake (I 0 ) increased with the snake size (Fig. 2B) , and the snake size had a significant positive effect on the intensity of epibiosis (Poisson regression:
Seven nondecapod epibionts were also identified (Table 2) : Atlanta inclinata (snail, Atlantidae), Obelia longissima (hydroid, Campanulariidae), Lepas anatifera (barnacle, Lepadidae), Conchoderma virgatum (barnacle, Lepadidae), Platylepas hexastylos (barnacle, Platylepadidae), Ascidia ceratodes (tunicate, Ascidiidae), and Tomicodon sp. (fish, Gobiesocidae). See Table 2 for size measurements of representative nondecapod specimens. The frequency and intensity of epibiosis of these taxa were not quantified.
Discussion
Pelamis platurus is considered the only exclusively pelagic marine snake and is well known for its propensity for floating along ocean slicks-surface currents that tend to concentrate pelagic organisms and floating debris (Shanks 1983; Kingsford and Choat 1986) . Most reports suggest that P. platurus aggregates on slicks when foraging for small pelagic fishes (Kropach 1971 (Kropach , 1975 Heatwole 1999) , which tend to seek refuge beneath floating debris (Hunter and Mitchell 1967) . In addition, aggregating on slicks might provide abundant mating opportunities (Kropach 1971) . Whether P. platurus actively pursues slicks or passively drifts into them is still a matter of some debate (Lillywhite et al. 2010; Brischoux and Lillywhite 2011) . Nevertheless, for a pelagic ''floatand-wait'' predator (Brischoux and Lillywhite 2011) , the dense faunal concentrations found along ocean slicks increase the opportunity of encountering possible prey items and facilitate the colonization of organisms that are commonly found among pelagic rafting communities (Kropach 1975; Thiel and Gutow 2005) .
Decapod epibionts associated with P. platurus
Pelamis platurus in Costa Rica hosts a diverse array of decapod crustaceans, all of which represent previously undocumented epibionts of marine snakes. Collectively, these decapods were found on 18.9% of snakes, suggesting that these associations are not inconsequential. The most frequent (F 0 ¼ 13.3%) and most intense (I 0 ¼ 2.1) of these epibiotic associations was from crab megalopae of the family Grapsidae sensu stricto (Ng et al. 2008) . The specific identities of these megalopae could not be determined because megalopae of different grapsid species are morphologically very similar, and formal descriptions of some species are either insufficient or lacking. These specimens may represent up to six different grapsid species known to inhabit Pacific Costa Rica (Grapsus grapsus, Goniopsis pulchra, Geograpsus lividus, Pachygrapsus socius, Planes marinus, and P. major) (Vargas and Wehrtmann 2009 ). The Planes crabs are plausible candidates as they are obligate rafters of flotsam and pelagic organisms (Donlan and Nelson 2003; Frick et al. 2011) , and a juvenile P. major was found on P. platurus in this study. However, presence of other species cannot be ruled out. We are currently conducting molecular phylogenetic analyses to determine the specific identities of these megalopae. To a far lesser extent (F 0 54%, I 0 52), P. platurus also hosts megalopal and juvenile stages of four other decapod taxa common to Pacific Costa Rica (P. squamosa, P. affinis, Macrobrachium sp., and Atya sp.).
The life stages represented by these decapod epibionts (either megalopal or juvenile) suggest that these individuals are making the transition from the plankton to their respective adult habitats (Dittel and Epifanio 1990; Anger 2001) . Slicks are important features that might mediate these transitions (Shanks 1983 (Shanks , 1995 . First, slicks tend to concentrate larval decapods and floating debris, providing rafting opportunities for settling larvae. Clinging to floating debris may provide protection from predators (Mitchell and Hunter 1970; Moreira et al. 2007 ) and allow larvae to remain at the surface by avoiding the downwelling currents inherent in the formation of slicks (Shanks 1985; Kingsford and Choat 1986) . This phenomenon may be particularly important for obligate and facultative rafting taxa (P. major and P. squamosa, respectively), which must acquire a raft prior to metamorphosing and beginning their pelagic existence. For these rafting taxa, upwelling events during the dry season may facilitate offshore transport (Jiménez et al. 2001; Jiménez and Cortes 2003) . Second, under certain conditions, slicks will move shoreward (Shanks 1983 (Shanks , 1985 (Shanks , 1995 , providing a mechanism for the recruitment of larvae to the habitats where adult populations are located. Clinging to floating debris also being transported shoreward may be energetically advantageous (Shanks 1985; Wehrtmann and Dittel 1990 ) and would enable larvae to access favorable shoreward surface currents (Shanks 1983 (Shanks , 1995 Moreira et al. 2007 ). Megalopal-stage grapsid crabs mostly recruit either to rocky intertidal or mangrove habitats (Rathbun 1918; Shanks 1995) , whereas the juvenile amphidromous shrimps (Macrobrachium sp. and Atya sp.) migrate from inland to freshwater streams and rivers (Wehrtmann and Dittel 1990; Bauer and Delahoussaye 2008; Bauer 2011) . Postmegalopal portunid crabs, like P. affinis, may recruit to neritic habitats or remain in the pelagic environment where free swimming juveniles and adults often seek shelter among floating debris (Stoner and Greening 1984) . For these amphidromous and intertidal taxa, shoreward transport may be disrupted during the dry season when upwelling events tend to drive surface water offshore (Jiménez et al. 2001; Jiménez and Cortes 2003) .
The mutual attraction to slicks by larval decapods and P. platurus, and the tendency for larval decapods to cling to floating debris, provide the necessary ecological and spatial overlap required for epibiosis. Once in relatively close proximity, however, there is a suite of factors that may affect these interactions. These factors fall into three main groupings: (1) physical factors, (2) ecological factors that promote epibiosis, and (3) ecological factors that deter epibiosis. The relative importance of these factors will ultimately determine the frequency and intensity of these interactions.
Epibiosis of P. platurus by larval decapods might simply be a function of surface area availability, a purely physical factor. The relative abundance of P. platurus and flotsam on a given slick can vary considerably (Kropach 1975; Shanks 1983) , and this may affect the frequency of epibiosis by changing the relative surface area provided by floating P. platurus. If larval decapods opportunistically cling to floating items (Shanks 1985) , then the frequency of epibiosis may simply be proportional to the available surface area that P. platurus represents. When settlement area is limited (i.e., low abundance of flotsam), P. platurus may provide an important platform for larval decapods, at least temporarily. Conversely, when the relative abundance of flotsam increases, colonization of P. platurus become less important and therefore less frequent. This explanation is consistent with our observation that a significantly higher proportion of snakes was found hosting epibionts at the end of the dry season (April 2010), a period when flotsam is relatively sparse (J.B.P, personal observation). In addition, we found that snake size had a significant positive effect on the frequency and intensity of epibiosis, suggesting that the additional surface area provided by larger snakes is an important factor affecting these associations. Because surface area will increase with the square of snake length, longer P. platurus provide a proportionately greater area for settlement. Our data support the hypothesis that these associations are opportunistic and at least somewhat driven by available surface area.
Next, there are ecological factors that may act to promote epibiosis and increase the frequency and intensity of these associations. Most notably, P. platurus is highly venomous (Shipmen and Pickwell 1973) and unpalatable to many predatory fishes otes. The frequency and intensity of nondecapod epibionts were not quantified. AL, axis length; PH, polyp height; TH, total height; RCD, rostro-carinal diameter; TL, total length. a Platylepas indicus, P. krugeri, P. ophiophilus, and P. hexastylos likely represent the same species, P. hexastylos variety (sensu Pilsbry, 1916) ; therefore, this taxon is not considered a new record.
Decapod epibionts of Pelamis platurus 301 (Rubinoff and Kropach 1970; Weldon 1988) . For these reasons, epibiosis may be advantageous to larval decapods when predation pressure is high. As previously mentioned, predation may be an important factor causing larval decapods to cling to floating debris (Mitchell and Hunter 1970; Moreira et al. 2007 ); thus, active selection of P. platurus as a host may further reduce risk of predation. Another factor that may promote these associations would be a cleaning mutualism. Pelamis platurus, which generally does not tolerate debris attached to its skin , may tolerate the larval decapods if the decapods consume other potentially harmful epibionts (e.g., barnacle cyprids) or rid the snake of unshed skin. In turn, larval decapods would acquire the energy and nutrients needed for their development and eventual metamorphosis (Anger 2001) . Both hypotheses regarding reduced predation and mutualistic cleaning would promote epibiosis, but neither has been tested empirically. Future studies may seek to quantify risk of predation and diet of larval decapods both on and off P. platurus. Finally, there are ecological factors that may act to deter epibiosis and reduce the frequency and intensity of these associations. Host behaviors are thought to be the primary factors that deter epibiosis on marine snakes . Pelamis platurus will actively and vigorously remove unwanted skin and debris from the surface of its body by ''knotting'' (Pickwell 1971; Zann et al. 1975) . Knotting is considered an antifouling mechanism that evolved in response to the heightened susceptibility to epibiosis in the pelagic environment ). This behavior may certainly deter epibiosis of larval decapods. However, unlike sessile epibionts (e.g., barnacles), larval decapods do not become affixed to the skin of the snakes and do not appear to elicit the knotting response. In addition, knotting would also be far less effective against the removal of a motile epibiont, which can crawl to another part of the body to avoid being removed.
Although there may be functional reasons for P. platurus to avoid hosting larval decapods (see discussion below), there is likely a greater impetus for larval decapods to actively avoid or abandon P. platurus or remain on the snakes only temporarily. First, P. platurus frequently dives. Although P. platurus is considered to be a primarily surface-dwelling snake, dive profiles indicate that these snakes spend most of the time submerged and suspended in the water column (Rubinoff et al. 1986 ). Whether or not larval decapods remain on P. platurus during dives is unknown. Diving may deter epibiosis if larval decapods actively abandon snakes to remain at the surface or if larval decapods become dislodged while the snake is swimming. A common factor thought to deter epibiosis in other marine vertebrates is that epibionts may not physiologically tolerate the often-extreme environments used by the host during diving (Key et al. 1995) . However, diving depths for P. platurus are comparatively shallow (Rubinoff et al. 1986 ) and may not necessarily deter epibiosis. Second, P. platurus sheds its skin and is known to shed frequently regardless of body size (19.5-25.4 days between sheds) . Preshed individuals were found hosting the largest aggregations of decapod epibionts (up to 14 individuals). Therefore, shedding may be an important factor affecting the frequency and intensity of epibiosis. Third, P. platurus may actively avoid shoreward currents to keep from becoming stranded, an event that typically leads to the death of the snake (Kropach 1975) . For those intertidal and riverine decapod taxa that may utilize floating debris for shoreward transport, this would deter any long-term association and reduce the frequency of their occurrence. This deterrent may be less important for those epibiont taxa that primarily inhabit floating debris (e.g., P. major and P. squamosa).
In this study, the frequency of these associations (total F 0 ¼ 18.9%) suggests that larval decapods probably colonize P. platurus opportunistically and temporarily, possibly in response to the availability of flotsam. Moreover, P. platurus appears to tolerate the presence of larval decapods, as the snakes presumably incur little to no physical or energetic cost by hosting these epibionts. Nevertheless, whether larval decapods actively select or avoid P. platurus or whether their occurrence is simply proportional to the available surface area provided by floating P. platurus remains unclear. Future studies will focus on assessing the frequency and intensity of larval decapods on floating debris so as to better evaluate which factors either promote or deter epibiosis of P. platurus.
Marine snake epibiosis
The study of epibiosis in marine snakes has a scattered history of anecdotal reports dating back to Cantor (1841) and Darwin (1851 Darwin ( , 1854 . For this reason, we have compiled a summary of all known references to epibionts from marine snakes (Table 3) . Obelia longissima X present study (continued) Decapod epibionts of Pelamis platurus 303 Zann et al. (1975) Spirorbis sp. Octolasmis warwickii X Annandale (1906), Yamato et al. (1996) Platylepas indicus Krüger (1912) , Pilsbry (1916 ), Wall (1921 Platylepas ophiophilus Lanchester (1902) , Gotto (1969) , Soule (1973), Zann et al. (1975) , Zann and Harker (1978) , Rasmussen (1992) , Hayashi (2009) Platylepas hexastylos Zann et al. (1975) (continued)
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In this summary, we found 35 different references that report 48 distinct epibiont taxa from 28 marine species of snakes. A similar review by Zann et al. (1975) provided numerous historical references, as well as many new reports at the time had not been described previously ). However, we have included a number of older, more cryptic references that Zann et al. (1975) had overlooked, as well as all known references to epibionts from marine snakes published since 1975. The intention of this review is to provide contemporary researchers with a single, accessible reference to all known reports of epibionts associated with marine snakes. Our review indicates that marine snakes are known to host a variety of epibionts that are typically associated with floating debris and other marine vertebrates (Thiel and Gutow 2005; Lazo-Wasem et al. 2011) . Not surprisingly, the lepadomorph and balanomorph barnacles comprise a large percentage of the diversity with 13 distinct taxa. However, there are also references to various other phyla of marine organism, including bryozoans, hydrozoans, polychaetes, bivalves, foraminiferans, and alga. Moreover, the present study on P. platurus in Costa Rica has expanded the diversity of marine snake epibiota to include several decapod crustaceans, a gastropod, and two chordates. Almost all epibiont taxa in Table 3 are unspecialized and form facultative associations with marine snakes. However, there are three species of barnacle that are thought to be obligate on marine snakes: Octolasmis grayi, Platylepas ophiophilus, and Platylepas krugeri (Pilsbry 1916; Zann 1975; Jeffries and Voris 1979) . More work is needed to confirm whether these species are truly specific to marine snakes or whether their distinct morphologies are actually plastic responses to living on snakes.
The diversity of epibionts on marine snakes also appears to depend on the habitat preferences of the various snake species. If we include the 11 new species of epibiont reported in this study, then P. platurus hosts almost half of all the epibiont diversity documented for marine snakes (Table 3, Fig. 3) . As already described, P. platurus is the only exclusively pelagic marine snake and is often found floating motionless along ocean slicks (Kropach 1971 (Kropach , 1975 Heatwole 1999) , making them particularly susceptible to colonization by pelagic epibionts. Other hydrophiines (e.g., Aipysurus spp. and Hydrophis spp.) and Acrochordus granulatus (Acrochordidae) utilize benthic habitats of varying depth and rarely, if ever, come ashore (Heatwole 1999) . These snakes also appear to host low diversity of epibionts relative to P. platurus (Table 3, Fig. 3 ), although some species (Aipysurus duboisii, Enhydrina schistosa, and Lapemis curtus) host comparatively more than others (Table 3) . Contact with submerged structures (e.g., rocks and coral) in the benthic habitat likely deters the colonization and persistence of many epibionts on these benthic marine snakes. Moreover, specific color patterns in shallow, near-shore waters may act to deter epibiosis (Shine et al. 2010; Soló rzano 2011) . Although the amphibious sea kraits (Laticauda spp.) forage in benthic habitats (primarily shallow coral reefs), these snakes spend roughly half of the time on land (Heatwole 1999) . For this reason, desiccation, as well as abrasion, would deter the settlement and growth of most epibionts on Laticauda spp. and likely explain why these snakes host few epibiont taxa (Table 3 , Fig. 3) . Concordantly, the most aquatic of the Laticaudinae, Laticauda semifasciata, also hosts more epibiont species than its more terrestrial congeners (Table 3) .
Despite supporting the most diverse epibiont community of any marine snake, P. platurus does not appear to show a higher tolerance for epibiosis. Instead, its susceptibility to epibiosis in the pelagic environment is thought to have led to more specific mechanisms to deter epibiosis. First, P. platurus is known to shed more frequently than most marine snakes and frequency of shedding in P. platurus is Fig. 3 Mean number of epibiont taxa recorded for marine snakes based on habitat type (marine pelagic, P. platurus only; marine benthic, n ¼ 24; amphibious benthic, n ¼ 3). Y-bars and data labels indicate the highest number of epibiont taxa recorded for a snake species in each category of habitat type. See Table 3 for designations of habitat type for species of marine snake.
Decapod epibionts of Pelamis platurus 307 not dependent on body size, as it is in other snakes . Second, P. platurus performs behavioral ''knotting'' (described above). As noted by previous authors, both presumed adaptations to deter epibiosis would be energetically costly and might have evolved in response to pressure from epibiosis in the pelagic habitat . Despite this very reasonable conclusion, little is known regarding the costs of epibiosis to marine snakes. Presumably, a sessile epibiont, such as a barnacle or bryozoan, attached to the skin of a snake may interfere with cutaneous gas exchange. Work on P. platurus suggests that while diving, these snakes absorb 33% of their oxygen and release 94% of their carbon dioxide through their skin (Graham 1974) . Nevertheless, to our knowledge, there are no studies that investigate the costs of epibiont cover on cutaneous gas exchange (Shine et al. 2010 ). In addition, epibiosis is typically associated with increased weight and drag (Key et al. 1995) , both are factors that might exact an energetic cost to a swimming snake. Shine et al. (2010) found that dense algal cover on Emydocephalus annulatus reduced the swimming speed by up to 20%. The authors attributed this decrease in speed to an increase in drag. Similar studies that are able to quantify the costs of epibiosis will lead to a better understanding of the patterns of epibiotic diversity we see in marine snakes, as well as in other marine vertebrates. In summary, we discovered 11 previously unreported epibionts associated with P. platurus, 6 of which represent the first decapod epibionts to be reported from any marine snake. Moreover, we found 35 references to 48 distinct epibiont taxa associated with 28 marine species of snake from the past 150 years. The results of this study show how little attention has been given to the study of epibiosis in marine snakes. We do not believe that these results reflect the rarity of these associations. Instead, these results suggest that many observations of epibionts from marine snakes are not reported in the scientific literature. Scientists investigating the biology of marine snakes in the field provide the best opportunities to contribute valuable new information if attention is also paid to the presence of epibionts. Future studies should include (1) field and museum-based surveys to specifically quantify the diversity and frequency of epibiosis from many species of snake in many localities, (2) field surveys of inanimate substrata and snakes in the same area to quantify differences in surface area availability and epifaunal diversity, (3) comparative studies between free-living and epibiotic individuals to assess the potential costs and benefits of epibiosis for the epibionts, and (4) empirical studies to quantify the energetic costs of epibiosis on marine snakes. Such studies would provide valuable insights into the complex suite of factors that affect these interactions and the possible role that marine snakes play as hosts to epibionts.
